(Submitted for publication April 20, 1951 ; accepted June 18, 1951) The acute and chronic administration of adrenaline to experimental animals and its acute administration to man have been shown to increase adrenocortical activity.
In 1908 Babes and Jonesco reported that repeated injections of adrenaline caused adrenocortical hypertrophy in rabbits (1) . Vogt found by direct assay of adrenal venous blood of dogs and cats that there was an increased output of adrenocortical hormone following the injection of adrenaline (2) . She subsequently reported that multiple injections of adrenaline produced adrenal hypertrophy in intact but not in hypophysectomized rats (3).
Long and Fry described a decrease in adrenocortical cholesterol and ascorbic acid following the injection of adrenaline in intact but not in hypophysectomized rats (4) . This and subsequent work by Gershberg and associates (5) indicate that adrenaline causes an increased output of adrenocorticotrophin. Using a decrease in the level of circulating eosinophils as a very sensitive measure of increased adrenocortical activity, Recant and colleagues showed that a single dose of adrenaline increases adrenocortical activity in the dog, rat, and man (6) . Although they found eosinopenia in men receiving multiple injections of adrenaline over periods as long as 48 hours, there was no evidence of increased adrenocortical activity as measured by the urinary excretion of steroids and uric acid.
However, Bliss, Rubin, and Gilbert (7) reported increases in urinary uric acid and 17-ketosteroids in normal men and women given 8 mg. of adrenaline in oil in a period of 12 hours.
Guest and coworkers showed that sustained eosinopenia does not occur uniformly in patients given repeated injections of adrenaline (8) .
Adrenaline prepared from biological material contains about 85 per cent epinephrine and 15 per cent nor-epinephrine (9) unless a special process is included to remove nor-epinephrine. The adrenaline used in the present study was manufactured from biological material and did contain nor-epinephrine. Since nor-epinephrine produces little or no eosinopenia (10, 11) , the increased adrenocortical function which follows the administration of adrenaline must be due primarily to its epinephrine content. However, some of the results reported in the present paper may well have been due to nor-epinephrine. The designation adrenaline is used in this communication to indicate a mixture of epinephrine and norepinephrine.
The observations reported were undertaken to determine what manifestations of increased adrenocortical activity occur during the chronic administration of adrenaline to man. To this end the level of circulating eosinophils, the urinary excretion of uric acid, the urinary excretion of steroids, and the metabolism of nitrogen, sodium, chloride, potassium, phosphorus, and calcium have been studied in men receiving repeated injections of adrenaline over a period of days.
Among the effects observed have been increased urinary excretion of sodium, chloride, calcium, and uric acid, and decreased urinary excretion of potassium. The changes in the urinary excretion of sodium, potassium, and chloride are opposite to those seen with increased adrenocortical activity. These changes in urinary excretion are of interest in connection with previous demonstrations in experimental animals that although adrenaline in large dosage causes oliguria, adrenaline in smaller amounts produces diuresis of water and chloride (12) (13) (14) (15) (16) .
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Increased excretion of sodium and chloride and diminished excretion of potassium were observed by Bliss, Rubin and Gilbert in a patient with rheumatoid arthritis given 8 mg. of adrenaline in oil per day for three days (7) . EXPERIMENTAL 
METHODS
Chemical methods. The subjects lived on a metabolic ward during the study. Food was prepared in a kitchen used only for this purpose. Aliquots of diet and feces were obtained by the "wet method" described by Reifen- stein, Albright and Wells (17) . Dietary, urinary, and fecal nitrogen were done by a macro-Kjeldahl method (18) and plasma protein and non-protein nitrogen by a micro-Kjeldahl method (18) . Phosphorus was determined by the method of Fiske and Subbarow (19) , calcium according to Fiske and Logan (20) , creatinine as described by Peters (21) , glucose by the method of Nelson (22) , and chloride as described by Van Formaldehydogenic and 17-ketosteroids were determined after an extraction procedure described by Lieberman and Dobriner (26) . The values reported are the sum of the values in the three fractions described in this procedure. Formaldehydogenic steroids were determined on these fractions by a procedure essentially that of Corcoran and Page (27) .
On the other subjects 17-ketosteroids were done by the method of Callow as modified by Talbot and colleagues (28, 29) and formaldehydogenic steroids by the method of Corcoran and Page1 (27 B. R. was a 32-year-old white man admitted because of balanitis due to a beta hemolytic streptococcus. This infection cleared promptly during treatment with sulfadiazine. General health had been good, no abnormalities were found on physical examination, and hematological data and the results of urine and stool analyses were normal. CIN was 129 cc., CPAN, 896 cc., and TmG, 386 mg. per minute per 1.73 sq. m. Following 0.4 mg. of adrenaline subcutaneously there was a 54 per cent fall in the concentration of circulating eosinophils. Fifteen days before the start of the present study he completed a period of 12 days of administration of 100 mg. of ACTH per day. His response to that agent was normal.
T. B. was a 67-year-old white man whose general health had been excellent. No abnormalities were found on physical examination, urinalysis, and hematological and stool examination. CIN was 79 cc., TmPAR 78 mg., and TmG 243 mg. per minute per 1.73 sq. m. These are normal values for his age group. Following 0.3 mg. of adrenaline subcutaneously there was a 47 per cent fall in circulating eosinophils, a normal response for his age group.
G. K., a 42-year-old Negro, whose general health had been good, had a herniorrhaphy a month prior to this study. The only physical abnormality found on examination was a moderately intense short rough apical systolic murmur. Hematological data and the results of stool examination and urinalysis were normal except for the presence of five to 10 leukocytes per high power field in the urinary sediment. Teleoroentgenogram of the chest and electrocardiogram were normal. CIN was 111 cc. and TmG, 341 mg. per minute per 1.73 sq. m. There was a 71 per cent fall in eosinophil concentration after 0.3 mg. of adrenaline subcutaneously.
Experimental procedure. After a period of equilibration, R. K. and B. R. were studied during a three-day control period, a three-day period of administration of 0.4 mg. of adrenaline in saline subcutaneously every four hours, a three-day period of administration of 1 mg. of adrenaline in peanut oil intramuscularly every four hours, and a six-day recovery period. After a period of adjustment to the diet, G. K. was studied during a six-day control period, a three-day period of administration of peanut oil -alone intramuscularly every four hours, a second three-day control period, a three-day period of administration of 1 mg. of adrenaline in peanut oil intramuscularly every four hours, and a three-day recovery period.
The periods for T. B. were the same except that the period of administration of adrenaline in oil lasted six days during the last three of which 1.5 mg. of adrenaline was given every four hours, and that the recovery period lasted four days.
The blood pressure, recorded as the mean of seven consecutive readings, and the pulse rate were determined every morning at 7:45 a.m. before the subjects arose. Fasting blood samples were drawn just before the urine collections for the day were completed at 8:00 a.m. Injections of adrenaline were started at 9:00 a.m. Thus, the fasting blood samples were drawn three hours after the 5:00 a.m. injection of adrenaline. In two subjects blood for eosinophil counts was also drawn at 1 :00 p.m., four hours after the preceding injection of adrenaline.
The daily urinary excretions of sodium, potassium, chloride, nitrogen, calcium, phosphorus, uric acid, creatinine, glucose, 17-ketosteroids, and formaldehydogenic steroids 3 Both the adrenaline in peanut oil and the oil alone to serve as a control were supplied through the courtesy of Dr. E. A. Sharpe of Parke, Davis, and Company. The adrenaline was manufactured before this company introduced a process to remove nor-epinephrine.
were determined for all subjects and in the cases of R. K. and B. R., fecal sodium, potassium, chloride, nitrogen, calcium, and phosphorus were also estimated. 
RESULTS
The data on functions affected by the administration of adrenaline are recorded in Tables I through IV. In no instance were any alterations in function observed during the administration of peanut oil alone.
On the first day of administration of adrenaline there was in every case a decrease in the concentration of eosinophils in the peripheral blood four hours after the first injection of adrenaline. In subjects R. K. and B. R., the level of circulating eosinophils at 8:00 a.m., three hours after the preceding injection of adrenaline, was moderately decreased throughout the entire period of administration of adrenaline. After the withdrawal of adrenaline, the eosinophil concentration rose toward the control values in R. K., but not in B. R. In the other two subjects, although there was a fall in the concentration of eosinophils following the first injection of adrenaline, the values during the latter part of the period were actually higher than the control values. The 1:00 p.m. levels of circulating eosinophils determined only in R. K. and B. R. approximated the 8:00 a.m. values.
During the administration of adrenaline there was no change in 17-ketosteroid excretion. During and following adrenaline, R. K. and B. R. showed slightly increased formaldehydogenic steroid excretion. Even if these changes are regarded as significant they indicate no more than a mild degree of adrenocortical stimulation. The other two subjects showed no change in formaldehydogenic steroid excretion.
The urinary uric acid was slightly increased during the entire period of administration of adrenaline and returned to the control values after withdrawal of adrenaline. There was no consistent change in plasma uric acid.
The average increase in plasma glucose during the administration of adrenaline was 15 mg. per 100 cc. During this period the average increase in urinary glucose excretion was 1.2 gm. per day. There were no consistent changes in the fecal excretions of the elements studied in the two cases in which stool analyses were done. Adjusted balances for sodium, potassium, and chloride are recorded in Tables I through IV. Unadjusted balances during the control period were positive. These positive balances were of the magnitude usually observed in control periods and probably due to cutaneous losses. The average daily positive balance of the control period was assumed to represent cutaneous loss and was subtracted from the observed balance for each day. In the two cases in which fecal determinations were not made, fecal excretions were also assumed to be constant. The adjustment in these two cases includes fecal excretion as well as cutaneous loss. Balances derived in this way are referred to as adjusted balances.
No consistent change in the urinary excretion of sodium and chloride occurred during the administration of adrenaline in saline. During the administration of adrenaline in oil, there was an increase in the urinary excretion and concentration of these ions. The subjects were thus in negative sodium and chloride balance during the administration of adrenaline in oil. Subsequently the urinary excretions and concentrations of sodium and chloride fell, and the subjects retained sodium and chloride. There were no consistent changes in the serum concentrations of sodium and chloride.
The changes in the urinary excretion of potassium were in the opposite direction to those of sodium and chloride. There was a decrease in the urinary excretion and concentration of potassium during the administration of adrenaline whether in saline or oil. During the recovery period the urinary excretion and concentration rose. Thus, there were positive balances of potassium during the administration of adrenaline followed by compensatory negative balances in the recovery period. There were no consistent changes in the serum potassium levels.
The urinary calcium excretion and concentration were increased during the entire period of administration of adrenaline and fell to values below the control levels after withdrawal of adrenaline.
There were no consistent changes in the urinary excretion of nitrogen and phosphorus.
The changes in urinary volume were small. In the case of B. R. and G. K., there was an increase in urinary volume during the administration of adrenaline and a diminution in urinary volume in the recovery period. R. K. and T. B. showed no definite change in urinary volume. Because of variations in extrarenal losses of water, changes of this magnitude are of little value in estimating water balance. However, during adrenaline administration all the subjects lost weight which they regained in the recovery period. The losses and subsequent gains were for R. K., 1.0 and 1.4 kg., for B. R., 0.9 and 1.6 kg., for T. B., 0.5 and 0.5 kg., and for G. K., 1.1 and 0.8 kg. These changes in weight may have been due to changes in body water. If so, then all subjects may be said to have had a larger urinary volume than they would have had with the same extrarenal loss of water if adrenaline had not been given.
The plasma protein concentration increased slightly in every case during the administration of adrenaline in oil. The average increase was 0.4 gm. per 100 cc. There were no consistent changes in creatinine excretion, urinary pH, the hematocrit, nor in the serum non-protein nitrogen, phosphorus, bicarbonate, or pH.
The average increase in the 8:00 a.m. pulse rate during the administration of adrenaline in oil was three beats per minute, and in the pulse rate an hour after the 9:00 a.m. injection, three beats per minute over the control value an hour after the administration of oil alone. The average changes in the 8:00 a.m. systolic and diastolic blood pressures were + 2 and -2 mm. of mercury respectively, and in the systolic and diastolic pressures an hour after the 9:00 a.m. injection of adrenaline in oil, + 12 and 0 mm. of mercury over the control values an hour after the administration of oil alone.
DISCUSSION
The only evidence suggestive of increased adrenocortical activity during the administration of adrenaline was the decrease in the level of circulating eosinophils in B. R. and R. K., and the small changes in the formaldehydogenic steroid excretion in these two subjects. The other subjects showed no changes suggestive of altered adrenocortical activity. It is apparent that adrenaline in the time-dosage schedule used in this study is no more than a very weak chronic stimulus to adrenocortical activity.
The changes in the excretion of electrolytes during the administration of adrenaline indicate that renal function was modified by some mechanism other than adrenocortical stimulation.
In view of this, the increased urinary excretion of uric acid cannot be considered a valid measure of adrenocor-tical activity since this may have been due to renal effects not caused by an adrenocortical hormone. During the administration of adrenaline in oil there was increased renal excretion of sodium, chloride, and calcium, retention of potassium, and loss of weight. The failure of adrenaline in saline to produce all these changes is presumably due to the smaller dose of epinephrine employed or to its more transitory action. The changes in weight suggest that there was greater renal excretion of water than would have occurred with the same extrarenal loss of water if adrenaline had not been given.
Diuresis of water and chloride has been observed in acute experiments in animals given relatively small amounts of adrenaline (12) (13) (14) (15) (16) . Although the effect of adrenaline on the renal excretion of sodium, calcium, and potassium was not studied in the animal experiments, it appears probable that the same processes were affected in those experiments as in the one reported here. There is no direct evidence as to the mechanism of the alterations in renal excretion of electrolytes and water, though naturally it has been suggested that they are due to a direct effect of adrenaline on the kidney, altering either glomerular filtration or tubular function (15) . An alteration in tubular function is compatible with our data and suggested by the fact that the changes in renal excretion of electrolytes were not all in the same direction, potassium excretion being diminished while sodium, chloride, and calcium excretion were increased. It is also compatible with the observation of Chasis and associates (31) that the subcutaneous injection of 1 mg. of adrenaline does not alter glomerular filtration rate in man. The conditions of their experiments did not permit the study of the effect of adrenaline on urinary volume.
The concept that the effect of adrenaline on renal excretion is a direct effect of adrenaline on the kidney rather than the result of changes produced elsewhere in the body is supported by the observation of Richards and Plant (32) that perfusion of the kidney in situ produces diuresis and the observation of Winton (33) that adrenaline produces diuresis in the heart-lung-kidney preparation.
Although the diuresis observed in animal experimentation has been generally attributed to the epinephrine content of adrenaline, Horres, Eversole and Rock have recently presented evidence that it is caused by nor-epinephrine and not by epinephrine ( 16) .
SUMMARY AND CONCLUSIONS
Certain metabolic effects of the chronic administration of adrenal medullary hormones to men are reported.
Adrenal medullary hormones in the time-dose schedule employed are no more than a very weak chronic stimulus to adrenocortical activity.
Under the conditions of this study, the chronic administration of adrenal medullary hormones caused increased urinary excretion of sodium, chloride, calcium, and uric acid, and diminished urinary excretion of potassium.
